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HARDNESS CHANGE OF LIGHT-ACTIVATED GLASS
IONMER CEMENT WITH THICKNESS AND TIME

Kyoung-Jin Lee, D.D.S., Won-Mann Oh, D.D.S., M.S.D.,
Sun-Hun Kim, D.D.S., M.S.D., Ph.D.

College of Dentistry, Chonnam National University

An adequate and homogeneous cure of light-activated restroative material is very impor-
tant for improvement of marginal adaptation and prevention of marginal leakage, secondary
caries and pulpal irritation as well as expressing natural physical property of that material.
The purpose of this study was to evaluate the change of surface hardness and cure uniformity
of light-activated glass ionomer cements. Restorative (Fuji II LC, Vitremer) and lining(Base-
line VLC, Vitrebond) light-activated glass ionomer cements were investigated for this study.
The surface hardness of the top and bottom surfaces and cure uniformity of each 1mm,
1.5mm, 2mm, 25mm & 3mm in the thickness of specimen were measured immediately,
at 1 hour, 24 hours and 1 week after light activation. The surface hardness change and
cure uniformity of all the specimens were measured by Knoop hardness tester.

The results were as follows.

1. The surface hardness of top and bottom surfaces in all groups increased with time(p<0.
0D).

2. Both top and bottom surfaces hardness of Vitrebond group measured immediately after
light-activation were significantly lower than those of the other groups(p<0.01).

3. The surface hardness of top and bottom surfaces of restorative light -activated glass
ionomer cements was higher than those of lining materials at 1 week(p<0.01).

4. Surface hardness of Vitremer group decreased as the specimen thickness increased,
except top and bottom surfaces hardness of the specimen at 1 week(p<0.01). There
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(p>0.05).

05).

was no significant difference in the surface hardness of Fuji II LC with changes in
the thickness except bottom surface hardness of specimen at 24 hours and 1 week

5. Surface hardness of Vitrebond group significantly decreased as the specimen thickness
increased(p<0.01). There was no significant difference in the surface hardness of Base-
line VLC: group with changes in the thickness except bottom surface hardness of speci-
men measured immediately after light -activation(p>0.05).

6. The hardness ratio of top against bottom surface in all groups decreased with time(p<0.

7. There was no significant difference in the hardness ratio of top against bottom surface
with changes of the thickness except Vitrebond group, 24 hours and 1 week of Vitremer
group and 1 week of Baseline VLC group (p>0.05).

These results suggest that surface hardness of restorative ligh-activated glass ionomer
cements were highter than those of lining light-activated materials. In all groups, the surface
hardness and cure uniformity continuously increased with time.
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Table 1. Light-activated glass ionomer cements tested in this study

Light
Materials Product name Batch No. P/L curing Manufacturer
tested ratio time
(gm/mD)  (sec)
. P.070732 3.0:1 20 GC, Japan
II 1LC
Filling Fut I L L : 090341
Materials Vitrem P 319 2501 40 3M, U.SA.
“ L: 321
. P1920515 13:1 30 Dentsply, U.S.A.
VL
Lining Baseline C L * 920519
Materials Vitrebond P 14203 14:1 30 3M, USA
frebon L: 337
P ! Powder
L - Liquid
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12B, Zwick GmbH, Germany)& ©]-&3} 300g
9] 3}%€ Knoop diamond indentorE %3
Algo) 20 T Jhe & 1 &Y HolE
filar micrometer eyepiece’t §-2€ F4Ev]
73 (metallurgical microscope - Ephiphot, Ni-
kon Co., Japan) 2.2 Z+ ¥ H-& &4 3ty t}-2-9
2o} 2J3] Knoop hardness numberE 41&38}
At

F

KHN = —357028 &

KHN : Knoop hardness number
F : Test load(kg)
d : Mean value of the diagonal of the inde-
ntation(mm)
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2, 3mmolAE 40012 A7} Z15) ot



Table 2. The mean hardness(KHN) of the top and bottom surfaces of various thickness
of light-activated glass ionomer cements with time

Type of Sample After irradiation 1 hour 24 hours 1 week
materials thickness Top Bottom  Top Bottom  Top Bottom  Top Bottom

Fuji II LC 1mm 1257 929 4004 3742 5128 4937 6534 6331
(1.90) (1.63) (2.80) (341) (3.75) (3.98) (3.07) (3.77)

15mm 1201 931 3854 3551 5170 49.80 58.38 56.69

(1.78) (1.13) (2.00) (237) (3.33) (216 (239 (2.86)

2mm 1196 985 4059 3645 4956 4651 57.70 55.71

(1.14) (0.84) (355) (293) (320) (243) (3.02) (352)

25mm 1178 937 4180 3817 4901 4601 5514 52.44

(2.28) (162) (299 (322) (377) (360) (3.71) (2.33)

3mm 1165 887 4167 3834 4884 4582 6177 59.05

(3.33) (0.83) (381 (352) (3.85) (348 (3.29) (2.85)

Vitremer Imm 1239 1012 3491 3160 4593 4354 5005 49.24
(3.77) (329) (345) (392) (358) (3.03) (342 (313

15mm 1221 886 3388 2978 4336 3871 4941 46.83

(141) (093) (371 (234) (342) (365 (3.00) (3.7

2mm 1159 852 3221 2723 4219 3675 5044 4461

(2.79) (1.65) (3.33) (3.75) (391) (399) (3.00) (3.04)

25mm 1047 597 3093 2480 4207 3964 50.89 47.43

(2.89) (092) (352) (2.75) (362) (3.83) (3.87) (362)

3mm  838*% 4.68* 24.77* 18.35* 40.01 33.21* 5165 4501

(282) (1.71) (337 (329 (381) (3.01) (3.8 (391

Baseline VLC 1mm 1078 921 1841 1608 1930 1726 20.16 19.13
(148) (143) (359) (2.04) (365) (398) (1.36) (1.18)

1.5mm 1006 915 2048 1992 2029 1986 2134 2059

(0.68) (0.93) (325 (3.72) (244) (220) (261) (2.09

2mm 1046 925 1818 1678 1856 1688 2179 19.08

(141) (1.74)  (393) (2.32) (248) (1.75) (3.82) (2.25)

25mm 1087 895 1888 1745 19.86 1897 2200 21.39

(1.03) (0.92) (3.02) (1.3 (267) (1.10) (365 (2.23)

3mm 1090 621*  17.81 14.26* 19.16 1547* 1951 16.33*

(207) (153) (336) (2.13) (383) (357) (2.16) (157)

Vitrebond lmm 377 365 2596 2227 2715 2442 3044 27.65
(0.79) (058) (3.36) (326) (325 (231) (394 (2.96)

15mm 320 3.08 2525 2309 2975 2778 3155 2889

(0.36) (0.21) (3.10) (2.38) (3.32) (391) (352) (3.33)

2mm 309 252 2593 2344 2801 2580 2849 26.90

(0.31) (0.30) (3.06) (3.04) (195 (394) (356) (3.92)

25mm  3.05 0*  15.30* 7.36* 2697 16.14*  29.11 22.32*

(0.36) (323) (223) (3.30) (3.82) (3.15) (3.25)
3mm  2.54* 0*  1067* 0* 2434 6.06* 2712 11.58*
(0.21) (1.85) (290) (1.15) (270) (2.33)

Standard deviation are in parentheses.
* . Significantly different from the other means of thickness at the same condition at
p<0.01
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Fig. 1. The mean hardness(KHN) of the top and bottom surfaces of various thick-
ness of Fuji II LC with time.
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Fig. 2. The mean hardness(KHN) of the top and bottom surfaces of various thick-
ness of Vitremer with time.
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Fig. 3. The mean hardness(KHN) of the top and bottom surfaces of various thick-
ness of Baseline VLC with time.
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FNEFE Autdog BAxrl ZAasigon
3mmolA 142622 #3A  @Yh(p<o.
01).

24N 3o AxEAANE Qdy ol

55 T & HAxe ¥l §2]3 Ao
WERRA] 23 tH(>0.05).

1FYFo) A= 244, IAF ofgW 27
3mmoll A @A vElston T g Az
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Fig. 4. The mean hardness(KHN) of the top and bottom surfaces of various thick-

ness of Vitrebond with time.
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EE AlH A Azto] Hghe) wet Ax7}
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2) & & Y ¥n

FA &FF Y KA oldHe] B
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EE S YEAT(Table 3, 4).
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Table 3. Duncan’s multiple range test for surface hardness variations of various type
of materials measured immediately after light activation

Type of Grouping*
. Imm 1.5mm 2mm 2.5mm 3mm
materials Top Bottom Top Bottom Top Bottom Top Bottom Top Bottom
Fuji I LC A A A A A A A A A A
Vitremer A A A A AB B A B B C
Baseline VLC B A B A B AB A A A B
Vitrebond C B C B C C B C B D

* Means with the same letter are not significantly different at p<0.01

Table 4. Duncan’s multiple range test for surface hardness variations of various type
of materials at 1 week

Type of Grouping*
. Imm 1.5mm 2mm 2.5mm 3mm
materials
Top Bottom Top Bottom Top Bottom Top Bottom Top Bottom

Fuji II LC A A A A A Ay, A A A A
Vitremer B B B B B B B B B B
Baseline VLC D D D D D D D C D C
Vitrebond C C C C C C C C C D

* Means with the same letter are not significantly different at p<0.01

Table 5. The ratio of hardness(top/bottom) of various thickness with

time

Type‘of S'ample . Af.ter. 1 hour 24 hours 1 week

materials thickness  irradiation
Fui II LC 1 mm 1.35 1.07 1.04 1.03
1.5mm 1.29 1.09 1.04 1.03
2 mm 1.21 1.11 1.07 1.04
2.5mm 1.26 1.10 1.07 1.05
3 mm 1.32 1.09 1.07 1.05
Vitremer 1 mm 122 1.10 1.05 1.02
1.5mm 1.38 1.14 1.12 1.06
2 mm 1.36 1.18 1.15 1.13
2.5mm 1.75 1.25 1.06 1.07
3 mm 1.79 135 1.20 1.15
Baseline VLC 1 mm 1.17 1.14 1.12 1.05
1.5mm 1.10 1.03 1.02 1.04
2 mm 1.13 1.08 1.10 1.14
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2.5mm 1.21 1.08 1.05 1.03

3 mm 1.76* 1.28 1.24 1.20*
Vitrebond 1 mm 1.03 117 1.11 1.10

1.5mm 1.04 1.09 1.07 1.09

2 mm 1.28 1.11 1.09 1.06

2.5mm o0™s 2.08* 1.67* 1.30*

3 mm oo™ ao*s 4.02* 2.34*
* ! p<0.05

# : could not be measured

29, Axvg(SAd/eEH)e e TolA
Azt @t fodA AR H(p<0.05).
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(p<0.05).
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%ol &40 87M534t. ©l= Vitrebondi®
9] E¥go|7} 25mmET Hles AL v
g}, v 1A3E, 24417 18] 3 1Y B
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VLCE B0 © 22 ZAFHE Y}, ol
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T SY2ELACE FEo 4-g7)
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ZIE YERY AT
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A7t BASE] ojmd FFS WA
BoFEd], o AlHY ol A A @A,
FEE FY2otolex! AIWER] Vitremer
T 1Y Fo QWY olYwg AYsn
FAZE SV wel BAx7F fFostA da
3943, Fuji I LCTAAE 2447 1579
F9) olHHE A3 FA WE F=wW
gl o3k 2to] 7t GIATHp>0.05). o F-E<]
Vitrebond & EF FA7t S7hge] wieh A
=7t FolEHAl BASE 3, Baselin VLCTo
ME BERAF FA] S 1A T o}
AHE Adstie FA wg HEwil
FARHE K% A7 A p>0.05).
Fe2ofo] 0 A E 9] FFof ulg} oFzhe)
atole ARXAT, ImmolA 2mm7HR &) Zo]
e Fde FUt AAsA ofsEA &
%3, 25mmet 3mmolAe Fde] T34/ &
NE WSS BAFAh A1 KH) v]g
ofgfHe] ZsiAl ofzhe] Ade] yehtd
ol B B A3t FANS AT

Bste] #d8E HIIsHY] A% ol
o3k ide] Axu (/o)A & Al7te] A
el w2t Fo)sA FaE] L Fre) 19
THEE ¢ F UMY 53] 3mm2 Vitre-
bond& o] g KA 7] H]&o]
gojol ATk} Al zke] BHstAA HA) RashE
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FdE BFed, oA ol At A
Ho 2 s8Rl sy o3 o]FojAL
ougitt, oo Fng FUAEE 739
AEE Hrbshe Wioz {831, AHe
AET AY5AS g A gaxe
g 7kA] Hgol A AlgHolof & Roz
AzZ+E ),

B a7 FE-& AET] o]F-o] v
AE7F B 57 g 1 AATE B
E& AHEY} o 953 943 d9E g

J& Aoz FEHEY, OE 98 B
2o & HAATE N&H 02 HEF oo}
g ALZ AIREY, &, B AFL R erE
iz 3 A FAS AZde] WE AxW3E o
3 Aoz HAl dAdME FANY B
A o8 g4 g3 ©S & BxHsit
zHE Aoz A=Y ol Ui o B
A7 He g oz AlEdd

v.&d &

TEE B35y FPY2olo]| Q] AHES]
Fuji II LC, Vitremer$} o] 38 274388 &
Zoto]@kxw AJHMEQ Baseline VLC, Vitre-
bondE lmm, 15mm, 2.0mm, 25mm 2 3.0
mme] FAZ AU A 7ste] F2AL F 4],
1A3E, 24A17F 2 139 %] Knoop hardness
tester2 AW AT ol EAARES
43t B #IHE BRI ey
2e AAE Ay

1. & LA 9HF olgde FHAzE
FEAL F ARbe] AAEFE Frbstgch
(p<0.01).

2. B2AL ¥ 7] FAAEE 99 H ol
E5o)A Vitrebond7} t+& TR} f-¢)8}
A 24 (p<0.01).

3. XA 1Y ¥ FAAEE WY o}
AW BTN FE4 e olo)ikn]
AREZ}E o3& ulsl FIstA Eskoh
(p<0.01).

4. VitremerZoAe 15Y 9 Q3 o}



He Asne FA7 S ot 7
=7b $o8A TAs9 T (p<0.01). Fuji
II LCZAAE 243 1579 F9 o}l
He AYstae FAd w2 Bl
EAGHo 2 9% Aol AR p>0.
05).

5. VitrebondZol e FAZ F718e] o
So8A A=} 2asHp<0.0D. Ba-
seline VLCTZ S BZAL & &4 FA3A%
1A 39 olgde AYstae FAl
g2 ZATAse] FA%Hes F 3}
ol {1t (p>0.05).

6. BE T4 ol Al i A AEH=
A 7bo] ZF3lo) wrel Hah ZASAH (p>
0.05).

7. 7o) @& ol A 3 QA Fx=H|
W3} Vitrebond®, 24417t 15959
Vitremer®, ZZAL ¥ FA1% 1579 ¥
=" A]9] Baseline VLCTS Al&l3lie
EAgHoZ F8 zlole AU p<O.
05).

olo] Az BAHY £EL FE2olo
xR AHEY o] Fg2olo]r A
e vl AR o2 Axrt wgton, BE
Fol N Azte] Aol wret ¥AAE 2 A
TYAol F713E AJAFEHAT.
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